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Abstract 
Load capacity of pile foundation is larger than shallow foundation because the loads are transferred deeper into de stiffer layers 
of soil. Piles and the ground under the pile cap work simultaneously to lift and hold the above structure. The determination of 
cross section, length and arrangement piles accordance with load, geotechnical, construction equipment, conditions is a big 
challenge in the designing of pile foundation to achieve efficiency economy. Analysing the relationship between the stress of the 
ground and pile’s load capacity to choose cross section, length and arrangement piles accordance with load, geotechnical, 
construction equipment, conditions will bring economy efficiency. In this paper a new method for determining the load capacity 
of pile based on the consideration stress in the ground under the tip of the pile and along the pile is presented. The loading 
capacity of a pile predicted using the proposed method is compared with the result of the static compression test carried out at the 
field. The analysis based on this comparison showed that this method efficiently help the designer in determining correctly the 
load capacity of piles after having results of the pile static compression tests. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of CUTE 2016. 
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1. Introduction  
Currently, the determination of loading capacity of pile is often based on experience formulas, for example the 
guides proposed in Vietnamese standard TCVN 10304:2014 [2]. The predicted loading capacity is calculated using 
the suggestions from the standard and this load will be compared with the result from pile static compression tests 
which are required to test less than 2% of the total number of piles in the construction [1]. Based on this comparison, 
the engineer decides the design load capacity of the whole piles in the field. All non-testing piles (98% of the piles) 
need to be assessed reasonable load capacity to satisfy safety and economic efficiency. This paper analyses the 
correlation of ground stress acting to the pile and compares it with the load capacity observed from static load test. 
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Then based on the analysis results, a method for determining the load capacity of piles using the correlation analysis 
of the stress in the ground and the result of axial static compression. As this method is shown to be quite simple it is 
proposed to be used in the practical application. 
2. Determine load capacity of pile using the suggestions from TCVN 10304:2014  
Maximum load capacity of pile was calculated by [1]: 
 ¦ iiPPuc hfuAqR ,   (1) 
where: 
 qp is the intensity of soil under the pile’s tip and; 
 fi is the intensity of soil’s friction along the pile. 
There are many methods proposed in the standard to determine these above values, but their values are difference 
with each other and no convergence is made, as follow: 
a. Based on the physical properties of soil, the suggestions from Table 2 and 3; Graph G1 and Table G1 are 
required. 
b. Based on the standard penetration test (SPT): Meyerhof’s formula using Graph G7, G8 and Japan’s experience 
using Figure G2. 
c. Based on the cone penetration resistance qc, Equations G13, G14 and Table G2 are required. 
d. Based on α method (Tomlinson, 1995), Graph 3.51 is applied. 
e. Based on β method (Burland, 1973), Graph 3.52 is applied. 
f. Based on λ method (Vijayyerrgiya and Focht, 1972) Graph 3.53 is applied. 
The application of the above methods gives inconsistent results of the pile loading capacity and also differs from 
the site load test results carried out in Vietnam because the data shown on the graphs and tables was made based on 
the experimental results of completely different subsoil conditions. Therefore, it is necessary to propose a method to 
determine pile’s load capacity which based on correlation analysis between soil stress and load capacity of the static 
testing pile carried out in Vietnam. 
3. The proposed method 
In the proposed method, the intensity of soil layers under the pile’s tip qp is calculated using the equation 
introduced by Joseph E. Bowel [4]: 
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The skin friction between the pile surface and soil is calculated based on TCVN 10304:2014 [1]: 
aizaii tgKcf MV9 X .'.. ,    (3) 
where  
cai is the cohesion stress between the pile at the ith soil layer, for reinforced concrete pile, cai = ci where ci is the 
cohesion of the soil at the ith. 
z,'XV  is the effective stress in vertical direction of the ground along the length of pile at depth z ( ¦ iiz h.' , JV X ) 
K is coefficient of lateral earth pressure determined as  pa KKK  5,0  where Ka and Kp are the active and 
passive coefficient of earth pressure for pile, respectively. 
aiM  is the internal friction angle between pile and the soil along the pile, for reinforced concrete pile driven down 
by ramming and pushing method MM  ai  whereM is the friction angle of soil. 
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] is the friction coefficient effected considering the pressure of soil along the length of the pile varying from 0,25 
to 1 depending on the material of pile and method of driving the pile. In this study, a value of 0,25 was applied 
for reinforcement concrete pile  
hi is the thickness of each soil layer, which pile went though M  is the internal friction angle of soil at the pile tip. 
4. The loading capacity of piles in some case studies 
The geotechnical profiles and load capacity of piles calculated using the proposed method in four cases are 
summarized as follow: 
4.1. Case 1:  
The 16 floors apartment in Le Duc Tho street, 13-14 ward, Go Vap District, Ho Chi Minh City: Dimensions of 
pile is 50cm diameter, the length of pile is 29 m and the design load is 850 kN. The geotechnical data the predicted 
and the tested load capacity of pile are shown in Table 1 and 2, respectively. 
Table 1. Geotechnical data - Le Duc Tho project 
Soil layers 
Thickness  
(m) 
Depth  
(m) 
Specific weight  
(kN/m3) 
Cohesion (kN/m2) 
Internal friction 
angle (degree)  
1 5.8 6.25.8 14.9 10.6 2.56 
2 3.9 9.7 19.3 29.8 8.25 
3 3.7 13.4 19.1 13.4 24.3 
4 11.8 25.2 19.7 10.3 28 
5 3.8 29.0 21.3 67.8 15 
Table 2.  The load capacity of pile at Le Duc Tho project 
Pile dimension 
(m) 
Predicted load capacity  
Rc,u (kN)  
Load capacity determined from static compression test  
Qa (kN) 
29  I =0,5  3523 3600 - 3 piles 
4.2. Case 2:  
Can Giuoc medical center, 36 Nghia Si can Giuoc street, Can Giuoc District, Long An province: Sectional 
dimensions of pile is 25x25cm, the length of pile is 19 m. The geotechnical data the predicted and the tested load 
capacity of pile are shown in Table 3 and 4, respectively. 
Table 3. Geotechnical data - Can Giuoc medical center project 
Soil layers 
Thickness  
(m) 
Depth  
(m) 
Specific weight  
(kN/m3) 
Cohesion  
(kN/m2) 
Internal friction angle 
(degree)   
1 7 7 4.2 3.2 4 
2 12 19 9.5 37.7 16.29 
Table 4 The load capacity of pile at Can Giuoc medical center project 
Pile dimension 
(m) 
Predicted load capacity  
Rc,u (kN)  
Load capacity determined from static compression test  
Qa (kN) 
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19- 0.25x0.25  795 780
 
- 3 piles 
4.3. Convalescence and rehabilitation center project; Convalescence regiment 198; 28 Lu Gia, Ward 9, Da Lat 
City: 
Sectional dimensions of pile is 30x30cm, the length of pile is 23.4 m. The geotechnical data the predicted and 
the tested load capacity of pile are shown in Table 5 and 6, respectively. 
Table 5. Geotechnical data - Convalescence and rehabilitation center project 
No. 
Thickness  
(m) 
Depth  
(m) 
Specific weight efficiency  
(kN/m3) 
Cohesion efficiency 
(kN/m2) 
Friction angle 
(degree)   
1 0.5 0.5 15 10 5 
2 4.5 5 16.8 37.8 12.46 
3 6 11 7.1 34.2 13.55 
4 6 17 7 18 12.45 
5 6.4 23.4 7.6 34.1 18.3 
Table 6.  The load capacity of pile at Convalescence and rehabilitation center project 
Pile dimension 
(m) 
Predicted load capacity  
Rc,u (kN)  
Load capacity determined from static compression test  
Qa (kN) 
23.4- 0.3x0.3  1323 1350- 3 piles 
4.4. Long An children’s hospital project; 827th provincial road, Ward 7, Tan An City, Long An province 
Sectional dimensions of pile is 25x25cm, the length of pile is 19 m. The geotechnical data the predicted and the 
tested load capacity of pile are shown in Table 7 and 8, respectively. 
Table 7. Geotechnical data- Long An children’s hospital project 
No. 
Thickness  
(m) 
Depth  
(m) 
Specific weight efficiency  
(kN/m3) 
Cohesion efficiency 
(kN/m2) 
Friction angle 
(degree)   
1 1.6 1.6 5.4 6.2 3.13 
2 3.7 5.3 7.7 6.2 6.13 
3 2.3 7.6 9.2 25.8 15.01 
4 9.4 19 15,7 35.8 16.32 
Table 8. The load capacity of pile at Long An children’s hospital project 
Pile dimension 
(m) 
Predicted load capacity  
Rc,u (kN)  
Load capacity determined from static compression test  
Qa (kN) 
19- 0.25x0.25  263 220- 3 piles 
5. Summary of the predicted and tested load capacity of piles  
The tested load capacity of pile was determined based on the static load compression according to the testing 
methods proposed in TCVN 9393-2012 [3]. According to TCVN 9393-2012 [3] the static load compression is the 
most accurate testing to determine pile’s load capacity. 
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The load capacity of piles in the above projects is summarized in Table 9 and Fig.1. 
Table 9.  Comparing results of pile’s load capacity between calculating and site testing  
No. Project 
Number 
tested pile 
Sectional dimension of 
piles (m) 
Pile length 
(m) 
Tested load 
(kN) 
Predicted load 
(kN) 
1 
16 floors apartment, Le Duc Tho street, 
13-14 ward, Go Vap District, Ho Chi 
Minh City 
3 I 50 29 3600   3523 
2 
Can Giuoc medical centre, 36 Nghia Si 
can Giuoc street, Can Giuoc District, 
Long An province 
3 30x30 23.4 1350   1323 
3 
Convalescence and rehabilitation centre 
project; Convalescence regiment 198; 
28 Lu Gia, Ward 9, Da Lat City 
3 25x25 19  780  795 
4 
Long An children’s hospital project; 
827th provincial road, Ward 7, Tan An 
City, Long An province 
3 20x20 11 220   263 
 
Fig. 1. Graph comparing results of pile’s load capacity between calculating and site testing 
According to Table 9 and Fig. 1, the predicted load capacities are consistent with the results from the static load 
compression test for totally 12 piles of four different projects. 
6. Conclusion 
A method for determining loading capacity of driven pile is proposed. The application of this method for four 
cased studies has been presented. The comparison between the predicted and the tested results showed that this 
method can predict accuracy the load capacity of pile. In addition, the method is quite simple so it is suggested that 
this method can be considered to apply in practice, especially in the preliminary stage of design. This study only 
investigates in some of geological conditions and projects with the driven pile so it should be developed in more 
geological conditions or different types of pile to assert the superiority of this method in designing pile foundation. 
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